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(57) ABSTRACT

The invention relates to a method for actuating the switching
transistors of a rectifier which is provided for converting the
phase voltages that are provided by a vehicle generator into a
direct current voltage. Each switching transistor comprises a
parasitic diode. An activation signal for initiating the con-
ducting phase and a de-activation signal for ending the con-
ducting phase are supplied to each control terminal of the
switching transistors. A timer is started simultaneously with
the provision of an activation signal and the de-activation
signal is provided once a predetermined time period has
passed.

24 Claims, 2 Drawing Sheets
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1
METHOD FOR ACTUATING THE
SWITCHING TRANSISTORS OF A
RECTIFIER

The invention relates to a method for actuating the switch-
ing transistors in a rectifier.

PRIOR ART

In recent years, power consumption in motor vehicles has
risen steadily. In order to keep this rise in power consumption
as low as possible, attempts are being made to increase the
efficiency of the generator in the respective motor vehicle.

Motor vehicle generators in current use are usually
designed as three-phase generators. The output voltage from
such a generator is a three-phase AC voltage that is supplied
to a rectifier that converts the three-phase AC voltage into a
DC voltage and provides this DC voltage for the onboard
power supply system of the respective motor vehicle.

Such a rectifier has three paths arranged parallel with one
another that are each associated with one phase of the gen-
erator and each have a series circuit comprising two diodes.
One of these diodes is a high-side diode and the other diode is
a low-side diode.

Furthermore, it is already known practice to replace the
diodes in a rectifier with switching transistors for the purpose
of'decreasing the power loss. This preferably involves the use
of MOSFETs. In this case, however, the problem arises that
the MOSFETs each need to be switched on at a suitable time
and switched off at a suitable further time. If this switching of
the MOSFETs does not take place at the suitable time, power
loss occurs in undesirable fashion.

One way of actuating the MOSFETs is to measure the
voltage drop across the respective MOSFET and then to actu-
ate the MOSFET when this voltage drop is negative. This
principle does not pose any problem when the conductive
phase of the MOSFET is initiated, since the voltage drop
across the parasitic diode of the respective MOSFET is of
sufficient magnitude and accordingly is easy to evaluate. The
MOSFET can be actuated even before the parasitic diode in
the MOSFET becomes conductive. In the conductive phase of
the MOSFET, the voltage drop across the MOSFET is very
small, on the other hand, and is just in the region of a few mV
(millivolts). If disturbances occur in the presence of such
small voltage drops, this can result in the respective MOSFET
being switched off in unwanted and uncontrolled fashion.
This produces a comparatively high power loss in the MOS-
FET and the MOSFET becomes undesirably hot.

DISCLOSURE OF THE INVENTION

By contrast, a method for actuating the switching transis-
tors in a rectifier having the features specified in claim 1 has
the advantage that disturbances that occur during the
switched-on time of the switching transistors cannot result in
the respective switching transistor being switched off in
undesirable fashion. This reduces the power loss in the recti-
fier. This advantage is achieved essentially by virtue of the
switch-off signal being provided after a prescribed period of
time after the switch-on signal is present has elapsed, this
prescribed period of time being determined afresh in every
actuation period of the switching transistor. The effect advan-
tageously achieved by this determination of the actual pos-
sible period of time in every actuation period is that it is
possible to react to rotation speed fluctuations very quickly. If
the rotation speed becomes higher and hence the measured
period of time becomes shorter, the next prescribed period of
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time is reduced. If an excessive rotation speed gradient means
that the switched-on time of the switching transistor is longer
than the measured time by the variable time interval, i.e. a
positive current flows through the switching transistor, then
the variable time interval is reset to zero and the fixed time
interval is reduced in line with the prescribed period of time.

Further advantages of the invention will emerge from the
explanation thereof below with reference to the drawing, in
which

FIG. 1 shows an outline of an apparatus for actuating the
switching transistors in a rectifier, and

FIG. 2 shows a graph to explain a method for actuating the
switching transistors in a rectifier.

FIG. 1 shows an outline of an apparatus for actuating the
switching transistors in a rectifier. This outline shows a motor
vehicle generator 1 that provides phase voltages U1, U2 and
U3 at its outputs. These phase voltages, which are each AC
voltages, are converted by means of a rectifier 2 into a DC
voltage that is made available to the onboard power supply
system of the motor vehicle.

The rectifier 2 has a total of six switching transistors 3, 4, 5,
6, 7 and 8, which are each a MOSFET in the exemplary
embodiment shown. These switching transistors are actuated
by means of a driver 9, which provides the control connection
of'the respective switching transistor with a switch-on signal,
for initiating the conductive phase, and a switch-oft signal,
for terminating the conductive phase, in every actuation
period of a respective suitable time.

Each ofthe MOSFETs 3, 4,5, 6,7 and 8 contains a parasitic
diode, which is not shown.

According to the present invention, the MOSFETs are
actuated under timing control. In this case, the trigger used for
starting a time measurement is the voltage drop across the
parasitic diode of the respective MOSFET. This MOSFET is
switched off after a prescribed time, which is ascertained
using a timer and is optimized using a regulatory algorithm
such that at the switch-off time it still possible to measure a
sufficiently large voltage across the parasitic diode, prefer-
ably a voltage for which the voltage value is greater than or
equal to 400 mV.

The effect advantageously achieved by this is that, in con-
trast to the prior art, in which the switch-off signal is ascer-
tained in the presence of very small voltage drops across the
switching transistor that is still on, said voltage drops being
smaller than 50 mV, the evaluation of such small voltage
drops for the purpose of ascertaining the switch-off time is
avoided. Consequently, when the method according to the
invention is used, disturbances that occur during the
switched-on time of the respective MOSFET cannot result in
the respective MOSFET being switched off in uncontrolled
and undesirable fashion.

Advantageously, the present invention involves the for-
ward voltage of the parasitic diode being evaluated as the
trigger for starting the time measurement. At the same time as
the time measurement starts, the driver 9 provides the switch-
on signal for initiating the conductive phase of the respective
MOSFET. The switch-off signal for terminating the conduc-
tive phase of the MOSFET is provided after a prescribed
period of time has elapsed. This period of time is split into a
fixed time interval and an alterable time interval in the steady-
state rotation speed range. The alterable time interval is opti-
mized to a minimum from actuation interval to actuation
interval by using a regulatory algorithm. After the respective
MOSFET has been switched off, it is still possible to measure
a voltage drop of sufficient magnitude across the parasitic
diode of the MOSFET without the parasitic diode of the
MOSFET being conductive.
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FIG. 2 shows a graph to explain a method for actuating the
switching transistors in a rectifier. This graph plots the time t
along the abscissa and one of the phase voltages U along the
ordinate. This graph reveals that the timer is started when the
phase voltage is equal to the forward voltage of the parasitic
diode of the respective MOSFET (Upp,0,£) at ground poten-
tial. At the next zero crossing and while awaiting a hysteresis
(Ugys), the timer is read. This measured time T is split into
two time intervals for the next actuation period, namely into a
fixed time interval Tiy and an alterable time interval T, ..

The next actuation periods involve respective measure-
ment of the time in which the voltage drop across the parasitic
diode of the MOSFET is greater than 400 mV, and the alter-
able time interval T, , is adjusted toward the positive such
that the alterable time interval falls to a minimum. Con-
versely, the variable time interval is adjusted negatively if
immediately after the MOSFET is switched off the voltage
measured across the parasitic diode of the MOSFET has a
value that is less than 50 mV.

The measurement processes described above are carried
out for a low-side MOSFET, for example the low-side MOS-
FET 4. For actuating the associated high-side MOSFET, for
example the high-side MOSFET 3, it is possible to use the
times ascertained for the low-side MOSFET, since the dura-
tion of the conductive phase of the high-side MOSFET is
equal to the duration of the conductive phase of the respective
associated low-side MOSFET.

An advantage of the approach described above is that the
measurement of the time in every actuation period means that
it is possible to react to any rotation speed fluctuations very
quickly. When the rotation speed is rising and hence the
measured time is diminishing, the alterable time interval is
reduced. If an excessive rotation speed gradient means that
the switched-on time is longer than the measured time by the
alterable time interval, i.e. a positive current flows through the
MOSFET, then the alterable time interval is reset to zero and
the fixed time interval is reduced in line with the switched-on
time.

Further advantages of the invention are that it is only nec-
essary to react to voltages that are greater than 400 mV.
Maximization of the conductive phase of the MOSFET
reduces the power loss in the rectifier. Furthermore, use of the
method according to the present invention allows the requisite
MOSFET sizes to be reduced, and it becomes possible to use
new MOSFET technologies. In addition, the occurrence of
reverse currents is avoided.

The voltage values indicated above have been indicated as
part of the explanation of an exemplary embodiment.

Alternatively, it is also possible to use other voltage values,
particularly voltage values that are optimized downward.

The present invention involves regulation to a minimum
residual time after the switch-on phase, this residual time
being able to be measured using the positive voltage of the
nonconductive parasitic diode of the respective switching
transistor. The aim of this regulation is to minimize this time,
because in this time it would be possible for a switching
transistor that is switched on still to output power to the power
supply system.

The invention claimed is:

1. A method for actuating switching transistors in a rectifier
that is provided for converting phase voltages provided by a
motor vehicle generator into a DC voltage, wherein the
switching transistors each contain a parasitic diode and
wherein control connections of the switching transistors are
each provided with a switch-on signal for initiating a conduc-
tive phase and a switch-off signal for terminating the conduc-
tive phase, wherein at the same time as the switch-on signal is
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provided; a timer is started and the switch-off signal is pro-
vided after a prescribed period of time has elapsed, wherein
the prescribed period of time is split into a fixed time interval
and an alterable time interval, and is determined anew for
each conductive phase.

2. The method as claimed in claim 1, characterized in that
the switch-on signal is provided in response to a voltage drop
across each parasitic diode of the switching transistors.

3. The method as claimed in claim 1, characterized in that
the prescribed period of time by adjusting the alterable time
interval is regulated such that the switch-off signal is provided
at a time at which the voltage drop across each parasitic diode
of the switching transistors is greater than a prescribed first
voltage value.

4. The method as claimed in claim 3, characterized in that
the prescribed first voltage value is 50 mV.

5. The method as claimed in claim 1, characterized in that
the alterable time interval is optimized to a minimum from a
first actuation period to the subsequent second actuation
period.

6. The method as claimed in claim 5, characterized in that
the first actuation period involves the use of a timer to ascer-
tain the prescribed period of time, wherein the prescribed
period of time is split into fixed and alterable time intervals for
the subsequent second actuation period, wherein subsequent
further actuation periods involve measurement of the time in
which the voltage drop across the parasitic diode is greater
than a prescribed second voltage value, and wherein the alter-
able time interval is regulated such that the alterable time
interval is minimized.

7. The method as claimed in claim 6, characterized in that
the prescribed second voltage value is 400 mV.

8. The method as claimed in claim 6, characterized in that
if, following a provision of a switch-off signal, the voltage
drop across each parasitic diode of the switching transistors is
greater than the prescribed second voltage value then the
alterable time interval is reduced, or in that if, following the
provision of the switch-off signal, the voltage drop across
each parasitic diode of the switching transistors is less than a
prescribed first voltage value then the alterable time interval is
increased.

9. The method as claimed in claim 1, characterized in that
the switching transistors are MOSFETs.

10. The method as claimed in claim 1, characterized in that
the motor vehicle generator is a three-phase generator or a
polyphase generator, wherein each phase of the motor vehicle
generator has an associated high-side switching transistor and
low-side switching transistor of the rectifier, wherein the pre-
scribed period of time is measured for the low-side switching
transistor and the actuation time of the relevant high-side
switching transistors is determined by using the period of
time measured for the low-side switching transistor.

11. The method as claimed in claim 10, characterized in
that the high-side switching transistors and the low-side
switching transistors are formed from a parallel circuit com-
prising a plurality of switching transistors.

12. The method as claimed in claim 1, wherein the alterable
time interval is less than the fixed time interval.

13. An apparatus for converting phase voltages provided by
a motor vehicle generator into a DC voltage, the apparatus
comprising:

a driver that includes control connections, wherein the
driver is configured to provide a switch-on signal over
the control connections for initiating a conductive phase
of the motor vehicle generator and a switch-off signal
over the control connections for terminating the conduc-
tive phase of the motor vehicle generator;
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arectifier coupled to the driver via the control connections,
the rectifier comprising switching transistors, wherein
each of the switching transistors contains a parasitic
diode, wherein each of the switching transistors is con-
figured to, switch-on in response to the switch-on signal
at the control connections and is further configured to
switch-off in response to the switch-off signal at the
control connections; and

a timer coupled to both the driver and the rectifier at the

control connections, wherein the timer is configured to
start in response to the switch-on signal at the control
connections, and wherein the driver is further configured
to provide the switch-off signal after a prescribed period
of time has elapsed since the start of the timer, wherein
the prescribed period of time comprises a fixed time
interval and an alterable time interval, and is determined
anew for each conductive phase.

14. The apparatus of claim 13, wherein the driver is further
configured to provide the switch-on signal in response to a
voltage drop across each parasitic diode of the switching
transistors.

15. The apparatus of claim 13, wherein the prescribed
period of time corresponds to a time at which a voltage drop
across each parasitic diode of the switching transistors is
greater than a prescribed first voltage value.

16. The apparatus of claim 15, wherein the prescribed first
voltage value is 50 mV.

17. The apparatus of claim 13, wherein the alterable time
interval corresponds to an amount of time between a first
actuation period to a subsequent second actuation period.

18. The apparatus of claim 17, wherein the driver is further
configured to determine the prescribed period of time using
the timer during the first actuation period, wherein the driver
is further configured to determine that the prescribed period
of time during the subsequent second actuation period
includes fixed and alterable time intervals, wherein the driver
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is further configured to determine the prescribed period of
time for subsequent further actuation periods based on a
measurement of time from when the voltage drop across each
parasitic diode is greater than a prescribed second voltage
value, and wherein the alterable time interval corresponds to
a minimum alterable time interval.

19. The apparatus of claim 18, wherein the prescribed
second voltage value is 400 mV.

20. The apparatus of claim 18, wherein the driver is further
configured to reduce the alterable time interval if, following a
provision of a switch-off signal, the voltage drop across each
parasitic diode of the switching transistors is greater than the
prescribed second voltage value, and wherein the driver is
further configured to increase the alterable time interval if,
following the provision of the switch-off signal, the voltage
drop across each parasitic diode of the switching transistors is
less than a prescribed first voltage value.

21. The apparatus of claim 20, wherein the alterable time
interval is less than the fixed time interval.

22. The apparatus of claim 13, wherein each of the switch-
ing transistors comprises a MOSFET.

23. The apparatus of claim 13, wherein the motor vehicle
generator comprises a three-phase generator or a polyphase
generator, wherein each phase of the motor vehicle generator
has an associated high-side switching transistor of the recti-
fier and an associated low-side switching transistor of the
rectifier, wherein the prescribed period of time is associated
with the low-side switching transistor and the actuation time
of' the relevant high-side switching transistors is based on the
period of time associated with the low-side switching transis-
tor.

24. The apparatus of claim 23, further comprising a parallel
circuit comprising a plurality of switching transistors includ-
ing the high-side switching transistors and the low-side
switching transistors.



